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Tokushiro Takaso* : A developmental study of the 
integument in Gymnosperms (1) Ginkgo biloba L. 

Introduction Characters of integuments and seed coats have been stud¬ 
ied not only for the classification of seed plants including fossils but also in 
considering their phyletic relationships. It is, however, very recent that 
in several taxa of Angiosperms detailed observations were made on histo¬ 
logical features throughout the initiation of the integuments and subsequent 
development into the seed coats (Boesewinkel and Bouman, 1967; Bouman, 
1971a, 1974, 1977; etc.). Bouman and his collaborators considered that de¬ 
velopmental studies on the integuments would give much more persuasive 
evidences for the classification when compared with anatomical descriptions 
fragmentarily made so far. In the latest papers (Bouman, 1974, 1975; Bou¬ 
man and Calis, 1977), furthermore, they referred to the evolutionary changes 
of the integuments based on the results of their studies. 

Most of the histological studies of Bouman et al. mentioned above were 
restricted within Angiosperms. We have now little informations on the 
integuments of Gymnosperms. 

I have been studying histological features of the integuments and the 
associated tissues or organs (e. g., nucellus, aril, collar, etc.) in seme repre¬ 
sentative groups of Gymnosperms. This paper, which is concerned with the 
Ginkgoaceae comprising only one species. Ginkgo biloba L., is the first of a 
series in which the results of the studies will be presented. The Ginkgo¬ 
aceae is considered to be one of unique taxa in Gymnosperms in having the 
dichotomous pattern in leaf venation, a peculiar morphology of the female 
reproductive organ, a spermatozoid and so forth (Hirase, 1896; Chamberlain, 
1935; etc.). Concerning histological features of the integument of this 
family, however, only fragmentary and inadequate observations have been 
made (Strasburger, 1872, 1879; Quisumbing, 1925; Pankow and Sothmann, 
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1967). 

Materials and methods Materials were collected from certain three in¬ 
dividuals which were planted in the campus of Chiba University, Chiba, and 
Komazawa Bark, Tokyo. To obtain female reproductive organs at various 
stages of development, the serial collection was made between early March 
and middle April. Some of the materials were fixed with formalin-acetic 
alcohol (FAA), and the others with 2% glutaraldehyde solution. 

Most of the materials fixed with FAA were replaced and stocked in 50% 
ethanol a few days later. For observation by light microscope, they were 
dehydrated through a tertiary-butyl alcohol series and embedded in paraplast. 
After serially sectioned 10 in thickness, they were stained with Heiden- 
hain’s haematoxylin, safranin and fast green. Those fixed with 2% glutar¬ 
aldehyde solution as well as a part of the materials fixed with FAA were 
utilized for observation by scanning electron microscope (SEM). Before 
coated with gold and scanned, they were dehydrated in an ethyl alcohol 
series and dried in a critical point dryer with carbon dioxide. Both the 
materials killed by above two sorts of fixative gave proper figures for obser¬ 
vation in a low magnification. 

Observations and discussion A female reproductive organ, which was 
called an “ovuliferous structure” by Foster and Gifford (1959, 1974), arises 
either in the axil of a bract or in that of a foliage leaf. The ovuliferous 
structure usually consists of the following three parts: (1) an ovular part 
where two ovules are borne, (2) a part forming rim-like projection named 
“ collar” below each ovule and (3) a stalk part supporting the former two. 

The two ovules on the ovular part initiate on its abaxial side. At an 
early stage of development, these twin ovules look toward the abaxial side 
of the ovuliferous structure (Fig. 1A). During subsequent stages of devel¬ 
opment, however, they turn their faces in such directions as to become 
more apart from each other. Thus, at maturity the two ovules look toward 
the opposite directions each other (Fig. IB). 

Ovule primordium : Viewed from outside, the apex of the very 
young ovuliferous structure is slightly divided into two, each representing 
one ovule primordium. At this stage, the whole surface of the ovuliferous 
structure is smooth, i. e., without marked projections and depressions. At a 
little later stage, however, several distinct “ ridges ” appear at certain places 
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Fig. 1. Cross sections of twin ovules showing 
change of the direction toward which the 
ovules look. A. Two young ovules initiate 
with their apices looking- toward the abaxial 
side of the ovuliferous structure. B. Two 
mature ovules look toward opposite sides 
each other. Arrows indicate the direction 
toward which the growing ovules turn their 
faces. (ab : abaxial side ; ad : adaxial side ; 
i : integument : n\ nucellus and c : collar. 
These abbreviations are common in the fol¬ 
lowing figures.) 


on the adaxial side of the upper part of the ovuliferous structure (Fig. 7D; 
Strasburger, 1872). Additionally, a slight depression may frequently be 
observed on the abaxial side of the subapical part of the each ovule primor- 
dium (see an arrow in Fig. 7A). In radial Iongisections through the middle 
of the ovule primordium, the surface layer cells on the abaxial side of the 
subapical part are much varied in size and shape (see cells marked a in 
Fig. 2B). Beneath the surface layer lie many rows of cells which are 
vertical to the apical surface layer and considered resulting from repeated 
periclinal divisions of cells in the internal tissue (see cells marked b in 
Fig. 2B). 

The histological features in the apical part of the ovule primordium 
differ from those of the vegetative shoot apex. Foster (1938) recognized a 
number of well-defined zones in the vegetative shoot apex. However, the 
zones comparable to those are not seen in the apical part of the ovule pri¬ 
mordium. As described above, the ovule primordium has nothing but many 
vertical rows of cells in the internal tissue (Fig. 2B). 

Initiation of integument-. The first sign of the initiation of the 
integument is recognized as a “ swelling ” of tissue on the flank of the ovule 
primordium. At first, in each ovule primordium two swellings seem to be 
borne on the opposite side of the flank (see arrows in Fig. 7B) as described 
by Strasburger (1879). However, these two swellings are very small and 
the time when they are discernible is very short. The swelling soon extends 
around the nucellus resulting in a continuous circular swelling of tissue, 
that is, a young integument. By this stage of development, the two 
swellings which have firstly appeared become hardly distinguishable from 
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Fig. 2. Ovule primordia at various stages of development. A and B. A radial longisection 
through the middle of an ovule primordium before the initiation of the nucellus and 
integument. C. At the stage of the initiation of the integument. D. At the stage when, 
the nucellus and integument are developing. Arrows point out periclinal cell divisions. 
E and F. A cross section of an ovule primordium at the stage of the initiation of the 
integument. Cells marked a are varied in size and shape, and cells marked b are arranged 
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surrounding tissues. 

During the early stage of development the ovule primordium involves no 
changes in the histological features. The following characteristic features 
are observed at both stages, when the initiation of the integument is taking 
place (Fig. 2C, F) and when the young integument is growing (Fig. 2D). 
The apical surface layer of the ovule primordium is composed of various 
cells in size (marked a in the figure) and the internal tissue except for 
the boundary between the integument and the nucellus has many vertical 
rows of cells (marked b ), 

Development of integument : In young ovules, both the nucellus and 
integument grow rapidly. The growth of the integument is, however, more 
predominant than that of the nucellus (Figs. 2D and 3). Thus, the whole 
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of the nucellus comes to be enveloped by the integument (Fig. 7C). A 
growing integument is tapering with cells at its tip being much larger and 
frequently accumulating tannin (Fig. 5B). 

Most of the surface layer cells of the growing ovule divide anticlinally, 
and yet some, particularly at the apical parts of the integument and nucellus, 
may divide periclinally (see cells pointed out by arrows in Fig. 3, for 
example). Cells in the internal tissue undergo exclusively periclinal 
divisions as in the stage of the initiation of the integument, forming many 
rows of cells (see cells marked b in Figs. 2D and 3). Presence of the many 
rows of cells in the internal tissue was already stated by Quisumbing (1925), 
and this histological feature is most remarkable in the integumentary tissue. 
Some of internal cells lying near the base of the integument may divide in 
other direction, i. e. anticlinally, resulting in an increase in thickness of the 
basal part of the integument (see dividing cells in Fig. 3). 

Initiation of collar-. Initiation of the collar can be recognized in the 
same way as that of the integument, that is, the collar also appears as a 
swelling of tissue though it arises just below the base of the integument 
(see an arrow in Fig. 4B; Pankow and Sothmann, 1967). The surface layer 
cells of the swelling usually divide anticlinally, scarcely do periclinally 
(Table 1) as recognized in median longisections through the growing ovule 
(Fig. 4B, D). Cells in the internal tissue, however, may often divide 
periclinally as reported by Pankow and Sothmann (1967), and this manner 
of cell division is responsible for the swelling of tissue. 

As stated already, some ridges develop on the adaxial side of the upper 
part of the ovuliferous structure (Fig. 7D). In the young ovuliferous struc¬ 
ture the ridges resemble the early swellings of the collar in both the 
external and internal morphology, so that it is very difficult to distinguish 
the collar from the ridges at the early stage of development. Owing to 
this circumstance, it is uncertain where the first sign of the initiation of 
the collar appears. 

Regarding the order of the initiation of the integument and collar, 
Pankow and Sothmann (1967) reported that the integument appeared earlier- 
than the collar. However, this is not true on every side of the ovuliferous 
structure and should be limited only to the abaxial side. On the adaxial 
side the order can not be ascertained because the early-swellings of the 
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Fig. 4. Development of the collar. A and B. A radial longisection through the middle 
of a growing ovule, showing the detail of the collar part in B. C and D. A radial 
longisection through the middle of a mature ovule, showing the collar part in detail 
(D). Dotted cells indicate being well stained with dyes. 


collar are not distinguishable from the ridges as stated above. 

Development of collar-. The growth of the collar proceeds largely by 
means of periclinal and anticlinal divisions of internal cells, but simul¬ 
taneously it accompanies successive anticlinal divisions of the surface layer 
cells to some extent (Figs. 4D and 7E; Pankow and Sothmann, 1967). 
Through the development of the collar, periclinal divisions of the surface 
layer cells rarely occur (Table 1). 

A developed collar usually has two or three bulges at its apical part 
(Fig. 4C, D). Pankow and Sothmann (1967) interpreted that the bulges 
were already formed at the stage of the initiation of the collar; yet in the 
present observations the collar has no bulges when it is initiating (Fig. 4B). 
I thus consider that the bulges are secondarily formed either by the division 
of the tip of the collar during its development, or by the growth of some 
of the ridges on the ovuliferous structure. 

Most of cells constituting the ridges on the ovuliferous structure appear 
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Table 1. The frequency of periclinally divided cells seen in the 
respective apical surface layers of the nucellus, integument 
and collar throughout their initiation and subsequent devel¬ 
opment. The number of cells examined for calculation of 
the frequency is bracketed. See text for explanation. 



Stage I 

Stage II 

Stage III 

Nucellus 

1.2% 

1-8% 

1.4% 


(255) 

(850) 

(560) 

Integument 

0. 2% 

1.1% 

2. 0% 


(510) 

(830) 

(440) 

Collar 

— 

0.1% 

0.1% 



(850) 

(1080) 


to participate in the formation of the collar, and the rest in the formation 
of a part of the integument. Thus, the ridges diminish with the develop¬ 
ment of the ovuliferous structure finally to be indistinguishable. The ridges 
shown in Fig. 7F, which have been still remained on some places of the 
collar, also disappear during the subsequent development of the collar. 

Mature ovuliferous structure : In the mature ovuliferous structure, the 
integument envelops the whole of the nucellus and forms a micropyle (Fig. 
5). Though the shape of the micropyle is circular or oval (Strasburger, 
1872; Haan, 1920; etc.), the apical part of the integument is somewhat lobed 
as shown in Fig. 7G. The base of the integument is much thicker than the 
base of the nucellus (Fig. 5A). The collar becomes a stout structure with 
a thick base and slightly envelops the base of the integument (Figs. 5A, B 
and 7G). Internal cells of the mature collar become somewhat enlarged 
(Fig. 5B). 

Crater-shaped protuberance on the ovuliferous structure : As pointed out 
by an arrow in Fig. 7H, a small protuberance is often observed in a rela¬ 
tively large depression on the adaxial or lateral side of the upper part of 
the growing ovuliferous structure. Of protuberances the larger ones usually 
may have an additional small depression in its center, so it looks crater¬ 
shaped. In mature ovuliferous structure, more developed protuberances are 
often seen (Fig. 71). The organographic significance for these protuberances 
is not clear. 

Frequency of periclinally divided cells in the respective surface layers of 
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Fig. 5. Radial longisection through the middle of a mature ovule and collar, 
indicate being well stained with dyes. 


Dotted cells 
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Fig. 6. Radial longisections through the middle of ovules illustrating portions where cells 
are examined for calculating the frequency of periclinal divisions. A. A young ovule. 

B. A mature ovule. See text for explanation. 

the nucellus, integument and collar : As stated above, the surface layer cells 
of the young ovuliferous structure usually repeat anticlinal divisions, but the 
cells of the respective apical surface layers of the nucellus, integument and 
collar often divide periclinally. In order to show details on this respect, 
frequency of periclinally divided cells in these portions is examined and 
summarized in Table 1. 

For the purpose of comparison of the frequency among different stages 
of development as well as among different portions, the whole of develop¬ 
mental stages of the ovuliferous structure is conveniently divided into three. 
Stage I is from the stage when the ovule is primordial (Fig. 2B) to the 
stage of early development of the ovule (Fig. 2D) ; Stage II, followed from 
Stage I to about the stage when the collar initiates (Fig. 4A) ; Stage III, 
followed from Stage II to the mature stage of the ovuliferous structure 
(Fig. 5). Periclinally divided cells in the surface layers are counted in 
three sections which are taken at intervals of a section from five serial 
median longisections through the ovule primordium or the growing ovule. 
The number of cells examined in one section is slightly different, depending 
upon positions and developmental stages as shown in Fig. 6: in the nucellus, 
5 cells per section were ovserved in Stage I, and 10 cells per section in 
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Fig. 7. External appearance of parts of the ovuliferous structures at various stages of 
development (A-C and G : abaxial view ; D-F, H and I : adaxial view). A. At the 
stage with a young ovule primordiutn. An arrow points out a slight depression. x65. 

B. A little later stage of A. The integument is initiating (arrows). x55. C. At the 
stage with growing ovules. x3J. D. Ridges on the ovuliferous structure. x3). E. 
The collar part in center. x31 F. At the stage with highly developed ovules. x20. 

G. At the stage with a mature ovule and collar. x20. H and I. The protuberances 
shown in some examples (arrows). x30, 20. 

both of Stages II and III; in the integument, 10 cells per section were 
observed in all of Stages I, II and III not only because in one section the 
integument is seen on both sides of the nucellus, but also because in later 
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stages only several cells in the apical surface layer of the integument divide 
periclinally. Similarly, in the collar 20 cells per section were examined in 
both of Stages II and III. 

As seen in the table, the frequency of periclinally divided cells in the 
surface layer of the nucellus is almost constant throughout all of the stages 
of development. However, slightly higher frequency (1.8 %) was noted in 
Stage II than in other stages of development; thus, Stage II is considered 
to represent the most conspicuous growing period of the nucellus. In the 
integument, the frequency becomes higher as the development proceeds: 
0.2% in Stage I, 1.1% in Stage II and 2.0% in Stage III. Practically, how¬ 
ever, in Stage II and especially in Stage III, cells just dividing are very 
rare in the apical surface layer. From this fact it seems that the surface 
layer of the integument at these later Stages II and III dose not show 
higher activity in cell division. In the collar, on the other hand, much 
lower frequencies (0.1%) are obtained in both of Stages II and III. 

In comparison of the nucellus, integument and collar, there is a discerni¬ 
ble difference among them in the frequency of periclinally divided cells in 
their respective surface layers. Higher frequency is recognized in the 
nucellus than in the collar throughout all the stages of development. The 
frequency in the integument is intermediate between the two. 

In these three different portions of the ovuliferous structure, daughter 
cells which result from periclinal divisions of cells constituting the apical 
surface layers also divide periclinally, and in the resultant daughter cells 
moreover the same manner of cell division is undergone in succession. 
Thus, if the origin of internal tissues is traced back to the ovule primor- 
dium, some amount of internal cells in both the nucellus and integument 
is found to have been derived from the apical surface layers. 
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